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called buffeting, has been characteriged a8 a progressively increasing 
vibration of the airplane with increase in flight speed. 

* 

The effect of external atoms OA the aerodynamic character;lstics 
of airphYm~ is being investigated by the Nationd Advieow Colllmittee 
for  A ~ z Y x I ~ I I ~ ~ ~ ~  The f w s t  park of thie progrm waa the deter- 
mination of the low-speed aerodynamfc effects of external store6 on 
the shb i l i ty  of mdels of' military et i rp laee (reference 1) A 
theoretical approach to the problem m e  a le0  published and is preoented 
a8 reference 2 Fl ight  t e s t e  were conducted on an airplane equipped 
with external storee The flight results &e confined to the Mach 
nuniber at which buffeting of the airplane becams objectionable in 
the opinion of the pilot and are eunmaarized in table I. 

The present investigation m a  conductea in the L e e r  high- 
speed 7- by 10-foot wlsd-tumel to determine the feaeibility of 
u e b g  wind-tunel data a8 a mans of predicting fl ight buffet Mach 
number No atteqpt ie ma& in 'this report to present a detailed 
analysis of the phenomenon of Wfeting. , This paper is confined to 
a presentation of the data obtained by thie  investigation and a 
Comparison Of wind-tunnel md flight-test Iresd&3 I 

The coefficimts and sypibols referred to in this report are 
defined as follows : 

- c  refere to Mach nuniber or coefficient 



.- 

. 
3 

L lift, pounds 

W pitching moment, 'foot-poke 

M Mach number 

V ' .  velocity of air, feet per second 

a velocity of sound, feet per eecond 

,a angle of attaok 0;f t he  thrust line 
. , .  

B =  fz2 
. . -  

E blockage correctlon at hZgh epeeds 

Subscripta: 
. I  

0 denotes free-etream conditio-' 

0 -  OT critical. - & at vhlch compreseion shock i s  formed as mni- 

% when used wlth M - denotes M, .for ACD 'divergence 

fested by pressure-distribution data 

.. . . ' 2 1  . . .  . .  . 
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The Langley hi&-speed 7- by 10-foot tunnel in which this 
investigation WIZB conduc.t;ed has,a closed .throat, r e c t w a r  moa8 
section, and is of the stngle re- type. The degree of turbulence 
i n  the air a t r ean  i s  very low . The model used In this investigation 
waa a o m d l  scale model of a-.fi'&ter-type airplane on which extensive 
external store tests have been made. Tho model consisted of a 
fuselage and a wing of HACA 23018 section at the f'uaelage center. 
l ine  and an NACA 23009 section at the t i p  ' A three-view d r a w i n g  
of the -del showing the method of m o u n t i ~  in the, .tunnel and a 
typical store installation is ehovn in fi@e 1. Pbtograpks of 
the mdel mounted in the turmel a m  shown in f i p e s  2(a) and 2(b 1 
!The locatione of the atatic-prssmrm orif'iceq on.the lower surfncs 
of the wing are given in f f w e  3 ,  The models of external stoma 
w e d  in thia investigation were .a Lockheed drop tank and a Naq . 
Universal drop tankT Drawings of these stores showing pertfnent 
geometric characteristics and atatic-pream~.re orifice locationer are 
presented in figure 4. Theee etoree were attmhed to the model bg 
emall  scale  duplicatione of full-scale pylon fairinga. Models of 
these prlon fairing8 wfth tihe locations of pressure orifices axe 
shorn in fi-8 5 and 6 The V ~ M U S  CoPibFnatFonS OF tanks and 
pylons tested are givm in columni-1 through 4 of table I. 

The duct conf'fguxlation of Wze' mdel and inlet  velocity ratio 
corresponded a ~ ~ i m t e l y  t0 $hf& .pqu.ired for higkl-speed flight 
condition of the Qirpl€U@. 

. \ . a .  

Procedure . - -  I I .  . . . .  , .  . I 
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Static-pressure distributions f o r  d l  configurations tested were 
taken at a corntent angle of attack of 02.75~ through a Mach number 
range extending f r o m  o .3 to i~rnximately 0 The results of 
these t e s t s  ay.e presented in f i v e s  7 to 12. The angle of attack 
was selected as that f o r  which the mdel lift coefficient wa8'com- 
parable to the high-speed lift coefficient of the -lane . For 
several configurations, additional angles of attack were tested to 
obtain an eatimElte of the general effect of angle of attack upoa 
the presme-dietrihtim  characteristics. The atatfc-pressure 
orifices in the pylons were located very cloeg to the juncture of 
pylon and wing (f fg. 5) and appmximately in line with the static- 
pressure orifices of station on the lower Burpace of the wing. 
The reeults of the chordwiae dis.i3.f'23ution preeented herein at 
station 5 k  are composed of d a t a  obtained over the lower -ace of 
the wing and over t he  pylon at the pylon wing Juncture. M o r -  
tunately, it was not possible t o  use aome of the pylon orifices 
because of the condition of the tubee . The peak m i n i m  preesure 
in such cases was based upon a n  eetima;ted fairing of the data. 
Pressure meaauremente for each Mach nuniber w e r e  recorded eiml-  
taaeously at all stations. 
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automatically recorded balenw wadingee Reeults of them teste  are 
presentetl aa  increments of lift,. dragr and pitching-mmnt coeffi- 
cients These izzcmmentq obtained by a subtraction of the data 
for the model without stores f r o m  the data obtained with stores in 
place e Although all forcee and lnomsnta were recorded, only those 
which showed any appreciable difference (drag, lift, and pitching 
mmnt) due to atores are presented. 

. 

Wake surveys were conducted in a plane looated at the hinge 
l ine of the horizontal tail and perpendfculw to the plans of 
symmetrg. These teets  were nab at a constant angle of attack 
of -2.7’5O through a Mach number range from 0 a 3  to approximately 0.650 
The region surveyed extended f r o m  the  plane of symmetry outboard 
12 inchee and f r o m  the center bine of the tank vertically upward 18 Fnchee 

The results of these tests (prossure and force meaeurements 
*.’ and wake surveye) were compared with the reeulte of flight t e s t s  
.. which c w i a t e d  of the Mach rider at which buffet w m  f i r e t  
- encountered (column 5 ,  table I) and the Mach number a t  which buff et 

became objectionable (coluagl 6, table 1) 

A l l  Mach nurdber8 and f o r c e  and moment coefficients were corrected I 

for  blocking by the folloKfng equation obtained .f r o m  reference 3 

where 

An increment in drag coefffcieolt of 0 .OOl3 h e  been added to 
acoount for the horizontal  buoyancy resulting f r o m  tho longitudinal 
pressure .e;raC€ient in the tunnel. . 
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. AISCUSSION 

Pressure Distribution 

. 

Pre~eure dl&ributions over the lower mrf'aoe of the wing 
obtained by presaure orifices located on the lower eurf'ace of 
the wing and in the pylon at the wing~ylon Juncture are shown 
in fiwre 7 A6 previously nptsd, preseure could not be t r s n s -  
nritted through certain tube0 ,. Unfortunately the orifices f o r  
these tubes were Located 3n what appears to be a region of high 
velocities. However,. consideration of the characteristics of the 
data available indica-& wt the minimum pressures presented may 
give a close approximation tb *e o x s t  ininimuni pressures *. 



It is obviow that this Maah numlpy,ie, with the exception of one 
configuration, considerably higher than either the initid buffet 
(coLwpn 3) or the limit buffet (column 6 )  Mach nunibem. It appear@, 
therefore, that the fomtfan of 'a compreesion shock may not he 
essential to the P;lrenomenon of buffeting, but rather that the 
turbulence associated with local sonic .velocities prior to the 
developmit of a w e l l  def-ed compreosim shock is  Mflc ien t  in 
i tself  to be prohibitive. r t  . 

Preaeure c~stributions over t h e  t d a  used in this investi- 
getion are presented in figure 8. m e  Velocitiea over tbe tanks 
in all caseo are lower .than those over ' the Lower wing ,surface at 
the 8- &, and, thmefore, the critical Metch nuniber of the 
 tank^ FEI higher than the critioal. Wit nuaiber of t h e  lower Burface 
of the vlIl$. 

. . .. 
, 4 v d a t i o n  In angle of .attack of -3.5O tx -1.5' seems to 

h a w  s m a l l  effect upon the results discumeii previously. Increasing 
the angle of attack appears, however, to lncreaee slightly t h e  
free-stream Mach mu&er that oorresponds to t h e  attainmant of the 
looa l  sped of eound over the pylon. This be attributed to the 
decreaees in the peak mM,pnun pressures of the pylons that are. caused 
by ehanges in local pressures ovor the lower surf'acg of the wing. 

. 

. 
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Figure 1. - Three-view drawing of a model of a fighter -type airplane. 
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(a) Front view. 

Figure 2.- Photograph of a model of a fighter-tgpe airplane mounted 
in the high-speed 7- by 10-foot  tunnel showing external  store 
insidlation. 
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(b) Rear view. 

Figure 2. - Concluded. 
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Orifices m bottom surface of wing 

Figure 3.- Location of Wsng pressure orjfices on a model of a fighter -me airplane. 

. . . . - . . . . . .  
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Figure 4;- Location-of pressure  orifices on models of Lockheed and 
Universal auxiliary fuel tanks as tested on a model of a fighter-type 
airplane. 
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Figure 5.- Location of pressure orifices on a model of a Standard 
pylon its tested on a model of a fighter-type airplane. 
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NATIONAL ADVISORY 
COMWTTEE FOL AERONAUTICS 

Figure 6.- Location of pressure  orifices on .a madel of a Mark 51 
pylon as tested on a model of a fighter-type airplane. 
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(a) Lockheed tank on left standard pylon. 

Figure 7.- Pressure distribution on the lower surface of the wing of a model of a fighter-Qpe airplane 
with external stores. Inboard o m c e  row, CL -2.75O. 

. . . .  
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@) Lockheed tanks on le€t and right standard pylon. 

Figure 7.- Continued. 
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(d) Universal tanks on left and right standard pylons. 

Figure 7.- Continued. 

, 



.(e) Universal tank on left standard pylon with 6-inch extension. 

figure 7.- Concluded. 



(a) Lockheed tmk on left standard pylon. 

Flgure 8.- Pressure distribution  over droppable fuel tanlcs mounted on the whg of a model of a fighter- 
type alrplane. a = -2.75'. 



@) Lockheed tanks on left and right standard pylons. 

Mgure 8, - Continued. 
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(c) Universal tank on left standard pylon. 

Figure 8. - Continued. 



(d) Universal tanks on left and right stmdazd pylons. 

F 5 p e  8. - Continued. 
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(e) Universal tank on left standard pylon with 6-inch extension. 

Figure 8,- Concluded. 
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(a) Lockheed tanks on left and right standard pylons. 

Figure 9.- Pressure distribution on the  lower surface of the wing of a model of a fighter-type airplane 
with external stores. Inboard orifice row, a = -3.5'. 

.. . 
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(b) Universal tanhs ox). left and right standard pylon$. 

Figure 9.- Concluded. 
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(a) hclsheed tanks on left and right standard pylons. 

Figure 10.- Pressure distribution over droppable fuel tanks mounted on the winp of a fighter-type 
airplane. a = -3.5'. 0 w 
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(b) Universal tanks on left and right standard pylons. 

figure 10.- Concluded. 



(a) Lockheed tanks on left and right standard pylons. 

Figure 11. - Pressure distribution on the lower surface of the wing of a model of a fqkr-type 
airplane with external stores. Inboard orifice row, a = -1.5 . UI w 



(b) Universal tanks on left and right standard pylons. 

Figure 11.- Concluded. 
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(a) Lockheed tanks on left and right standard pylons. 

Figure 12,- Pressure distribution over droppable fuel tanks mounted OR the wing of a model of a 
fighterme airplane, a = -1.5O. 

. .  . . . .  . .  
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@) Universal tanks on left and right standard pylons. 

Figure 12. - Concluded. 
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(a) a = -3.5'. 

Figure 13. - Effect of various pylon configurations on the aerodynamic 
characteristics of a model of a fighter-type aiqAne w i t  Lockheed 
drop tank. 
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"_ . 
(a) Concluded. 

Figure 13. - Continued. 
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(b) a = -2.75'. 

Figure 13. - Continued. 
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(b) Concluded. 

Figure 13. - Continued. 
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(c) a = -1.5'. 

Figure 13.- Continued. 
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(c) Concluded. 

Figure 13.- Continued. 
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(d) a = 0.25'. 

Figure 13. - Continued. 
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(d) Concluded. 

Figure 13.- Concluded. 



c 

(a> a = -3.5'. 
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Figure 14.- Effect of various pylon configurations on the  aerodynamic 
characteristics of a model of a fighter-type  airplane with Universal 
drop tank. 
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(a)  Concluded. 

Figure 14. - Continued. 
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(b) a = -2.75': 

F'igure 14. - Continued. 
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(b) Concluded. 

Figure 14. - Continued. 



(c) Q = -1.5'. 

Figure 14.- Continued. 
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(c) Concluded. 

Figure 14. - Contintled. 



(d) a = 0.25'. 

Figure 14. - Continued 
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(d) Concluded. 

Figure 14. - Concluded. 
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